(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
9 December 1999 (09.12.1999) 




PCT 



(10) International Publication Number 

WO 99/62923 A3 



(51) International Patent Classification 6 : C07H 21/00, 
C07K 2/00, 14/52, A61K 31^0, 31/715, 38/00, 39/00 

(21) International Application Number: PCT/US99/12538 

(22) Internationa! Filing Date: 4 June 1999 (04.06.1999) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 
60/088,310 
09/324,191 



5 June 1998(05.06.1998) US 
1 June 1999(01.06.1999) US 



(71) Applicant (for all designated States except US): DY- 
NAVAX TECHNOLOGIES CORPORATION [US/US]; 
Suite 100, 717 Potter Street, Berkeley, CA 94710 (US). . 

(72) Inventor; and 

(75) Inventor/Applicant (for US only): SCHWARTZ, David 
[US/US]; 1544 Vadleda Lane, Encinitas, CA 92024 (US). 

(74) Agents: POLIZZI, Catherine, M. et al; Morrison & Fo-. 
erster LLP, 755 Page Mill Road, Palo Alto, CA 94304-101 8 
(US). 



(81) Designated States (national): AE, AL, AM, AT, AU, AZ, 
BA. BB, BG, BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE 
ES, FI, GB, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE 
KG, KP, KR, KZ, LC. LK, LR, LS, LT, LU, LV, MD, MG, 
MX. MN, MW, MX NO, NZ, PL, PT, RO, RU, SD, SE 
SG, SI, SK, SL, TJ. TM, TR, TT, UA, UG, US, UZ, VN, 
YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, SD, SL, SZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD.RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE), OAPI patent (BF, BJ, CF, CG, a, CM, GA, 
GN, GW, ML, MR, NE SN, TD, TG). 

Published: 

— With international search report. 

(88) Date of publication of the international search report: 

31 May 2001 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

vo 

ON 
ON 



(54) Title: 
THEREOF 



IMMUNOSTIMULATORY OLIGONUCLEOTIDES WITH MODIFIED BASES AND METHODS OF USE 



(57) Abstract: Immunomodulatory oligonucleotide compositions. are disclosed. These oligonucleotides comprise an immunostim- 
ulatory hexanucleotide sequence comprising a modified cytosine. These oligonucleotides can be administered in conjunction with 
an immunomodulatory peptide or antigen. Methods of modulating an immune response upon administration of the oligonucleotide 
comprising a modified immunostimulatory sequence are also disclosed- 



Serial No. 09/802,685 



INTERNATIONAL SEARCH REPORT 



Int ftlonal Application No 

PCT/US 99/12538 



A. CLASSIFICATION OF SUBJECT MATTER .... 

IPC 6 C07H21/00 C07K2/00 C07K14/52 A61K31/70 A61K31/715 
, A61K38/00 A61K39/00 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 C07H C07K A61K 



Documentation searched other than minimum documentation to the extent (hat such documents are included in the fields searched 



Electronic data base consulted during the international search (name ot data base and. where practical, search terms used) 

EPO-Internal , WPI Data, PAJ, CHEM ABS Data, STRAND 



C DOCUMENTS CONSIDERED TO 3E RELEVANT 



Category * Citation of document, wfih Indication, where appropriate, of the relevant passages 



Relevant to claim No. 



HARDIN, CHARLES C. ET AL: 
"Characterization of anti-Z-RNA polyclonal 
antibodies: epitope properties and 
recognition of Z-DNA" 
BIOCHEMISTRY (1988), 27(11), 416^77, 

XP002129945 
page 4169, right-hand column,- last 
paragraph -page 4170, left-hand column, 
paragraph 3 

page 4172, right-hand column, paragraph 2 
-page 4173, left-hand column, paragraph 1 " 
page 4174, left-hand column, paragraph 2 
-right-hand column, paragraph 1 

-/- 



1-5,24, 
48 



Further documents are listed in the continuation ot box C. 



(0 



Patent family members are listed in annex. 



* Special categories ot cited documents : 

•A* document defining the general stats ot the art which is not 
considered to be of particular relevance 

*E* earlier document but published on or after the international 
filing dale 

'L* document which may throw doubts on priority dalm(s) or 
which is cited to estabfish the publication date of another 
citation or other special reason (as specified) 

*0" document referring to an oral disclosure, use. exhibition or 
other means 

'P document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the International filing date 
or priority dale and not In con!) la with the application but 
died to understand the principle or theory underlying the 
invention 

•X* document ot particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
Invofve an inventive step when the document is taken atone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the ail 

"&* document member of the same patent family 



Date of the actual completion of the International search 

24 July 2000 


Date ot mailing ot the international search report 

f t 08. 00 


Name and mailing address of the ISA 

European Paten! Office, P.B. 5618 Patentlaan 2 
Nl - 2280 HV Rijswijk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl 
Fax (*31-70) 340-3016 


Authorized officer 

Held, P 



Form PC7/ISA/210 (socono sheet) guty 1992) 



nana ") nf 4 



INTERNATIONAL SEARCH REPORT 

- r „.„„..„■■ > nnr.t IMENTS CONSIDE RED TO BE H£LtvANT~ 

^ ^clno.^^ inZl.l^.op.^. * ■ « 

BRENNAN CATHERINE A. ET AL: "The effects 
Kse analog substitutions on the 
n^thviation by the EcoRI modification 
Sthy ase of oxtadeoxyrlbonucleot ides 
containing modified EcoRI recognition 

rToU^HEH. (1986), 261(16), 7279-86, 
XP002143307 

Sale 7284. right-hand column, paragraph 3 
see RN 1035.49-62-8 

JEAN YUCH CHENG ET AL~ "^V^Sf 
of a modified DNA hexamer at 1.4-.ANG. 

BIOCHEMISTRY (1993), 32(1), 381 o 

p£°?K 3S 2 , ,e«^nd «.,-. 
paragraph 1 
see RN 145586-04-5 

mmiyfn H ET AL- "Studies Towards the 
Design !f a Modified GC Base Pair With 
Stability Similar to that of the AT Base 

TETRAHEDRON LETTERS , NL , ELSEV IER SCIENCE f 

Z ll Tlo.T?T™ ™ (19?7-06-09), 
pages 4083-4086', XP004065032 
ISSN: 0040-4039 
the whole document 

FERRER, ELISENDA ET SET "^P?"*! 0 " a " d 
Properties of OUgodeoxynucleotides 
Containing 5-Iodouracil and 5-Bromo- and 

BIOCONJUGATe" tHEM . (1997), 8(5), 757-761 , 
pa^rVhand column, paragraph 1 
page 760, left-hand column 
see RN 194096-69-0 

iuitta RATNA ET AL: "Binding of the 
ffiii rfd^UlcIn WP40 1 adjacent to a 
T-G base pair Induces the reverse 
Watson-Crick conformation: crystal 
s?ru??ures of the WP401-TGGCCG and 
WP401-CGG'br5C!CG complexes 
NUCLEIC ACIDS RES. (1998), 26(12), 
3001-3005, 

3002. ,eft-„a„d col« 
see RN 211176-10-2 

-/~ 



I m- illonal Application No 

PCT/US 99/12538 



] Relevant to cfeim No. 



1,2,4,5 



1,2,4,5 



1,2,4,5 



1,2,4,5 



1,2,4,5 



;inu3 tion ot saconfl tJYHA) (Juty 1992) 



INTERNATIONAL SEARCH REPORT 



In' tttonat Application No 

PCT/US 99/12538 



C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages ' 




X 


THERIAULT, N. Y. ET AL: "Studies on the 
base pair binding specificity of CC-1065 
to oligomer duplexes" 
CHEM.-BIOL. INTERACT. (1988), 65(2), 
187-201 , 

XP000929239 
page 188 -page 189 
table I, entry 10 
see RN 116193-94-3 


1,2,4,5 


X 


YOON, CHUN ET AL: "Structure of an 
alternating-B DNA helix and its 
relationship to A-tract DNA" 
PROC. NATL. ACAD. SCI. U. S. A. (1988), 
85(17), 6332-6, 

XP002I43311 
page 6336, left-hand column, paragraph 1 
figure 6 

see RN 117978-22-0 


1,2,4,5 


A 


KRIEG A M ET AL: "CPG MOTIFS IN BACTERIAL 
DNA TRIGGER DIRECT B-CELL ACTIVATION" 
NATURE , GB , MACMILLAN JOURNALS LTD. LONDON, 
vol. 374, 6 April 1995 (1995-04-06), pages 
546-549, XP000197060 
ISSN: 0028-0836 

page 546, right-hand column, paragraph 2 - 
paragraph 3 

page 549, left-hand column, paragraph 1 
table 1 


1,40 


A 


GODDARD, AMANDA J. ET AL: "Synthesis of a* 
phosphoramldite of 

2' -deoxy-5, 6-di hydro-5-azacyti dine. It 
potential application 1n the synthesis of 
DNA containing dihydro-5-aza an 
5-azacytos1ne bases" 

TETRAHEDRON LETT. (1988), 29(15), 1767-70, 

XP002129946 
page 1767, paragraph 1 
page 1770 


1,40 


A 


W0 89 09779 A (US GOVERNMENT) 
19 October 1989 (1989-10-19) 
page 1, line 4 - line 9 
scheme 1 


1,40 


A 


US 4 948 882 A (RUTH JERRY L) 
14 August 1990 (1990-08-14) 
column 4, line 22 - line 58 
column 7 

-/-- 


1,40 



Form PCT/ISV210 (continuation ot second shoe!) (July 1992) 



INTERNATIONAL SEARCH REPORT 



In. ttlonal Application No 

PCT/US 99/12538 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation oi document, with indication. where appropriate, ol the relevant passages 



Relevant to claim No. 



p,x 



WO 98 55495 A (DYNAVAX TECHNOLOGIES CORP 
;DINA DINO (US); ROMAN MARK (US); SCHWAR) 
10 December 1998 (1998-12-10) 



page 1, line 10 - line 16 
claims 

SEQ ID No 12, 15 and 16 



1,2,4-7, 

9,11,12, 

14,17, 

18,20, 

23-48 



Form PCT/)S/V210 (continuation oil aaoond sheet) (Jury 1992) 



INTERNATIONAL SEARCH REPORT 



.ternational application No. 

PCT/US 99/12538 



Box 



. nervations where certain claims were found unsearchable (Continuation ot item 1 of first sheet) 



This 



mtemaflonal Search Report has not been established in respect of certain cialms under Artic.e 17(2)(a) for me following reasons: 



^ K^hey reiate to subject matter not required to be searched by this Authority, namely: 

Althouah claims 40-48 are directed to a method of treatment of the 
SumWanlmal Eody., the search has been carried out and based on the alleged 
effects of the compound/composition. 



2. Claims Nos.: 



because Sfey relate to parts of the International Application that do not comply with the prescribed requirements to such 
S no Meaningful International Search can be carried out specifically: 



3 - D £55llKiL dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



because they are < 



Box II Observations where unity of Invention is lacking (Continuation of Item 2 of first sheet) 



This international Searching Authority found multiple inventions in this international application, as follows: 



see additional sheet 



1. I I As all required additional sear* fees were timely paid by the applicant, this international Search Report covers an 
I — I searchable claims. 

2. n As all searchable daims could be searched without effort Justifying an additional fee. this Authority did not Invite payment 
— of any additional lee. 

3 m As only some of the required addiflonal search fees were timeiy paid by the applicant, this international Search Report 
IXJ covers only those claims for which tees were paid, specifically daims Nos.: 

1-4 (partially), 5, 6-8 (partially), 9, 10, 11-13 (partially) 14-16, 17-19 
(partially), 20-22, 23-28 (partially), 29-31, 32-48 (partially) 

4 PI No required additional search fees were timeiy paid by the applicant • Consequentty this International Search Report is 
L — 1 restricted to the invention first mentioned in the ctaims; it is covered by claims Nos.: 



Remark on Protest 



j | The additional search fees were accompanied by the applicant's protest 
pj^j no protest accompanied the payment ot adcfitional search fees. 



Fnrm PHT/lSA/210 (continuation of first sheet (1)) (Juiy 1998) 



International Application No. PCTXIS 99 A 2538 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
Inventions in this international application, as follows: 

1. Claims: 1 (partially), 4 (partially), 6 (partially), 

11 (partially), 17 (partially), 23-2? (partially), 
32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostlmulatory sequence comprising a modified cytosine 
characterized in that the modified cytosine is an 
azacytosine, 1n so far as it is neither a cyclocytoslne nor 
a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



2. Claims: 1 (partially), 4 (partially), 6 (partially), 

11 (partially), 17 (partially), 23-28 (partially), 
32-48 (partially) 



An Immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is an 
azapyrlmidine (not an azacytosine), in so far as it is 
neither a cyclocytosine nor a cytosine arabinoside; a 
composition containing such an oligonucleotide as well as 
the use of such a composition to modulate an immune response 



3. Claims: 1-4 (partially), 5, 6-8 (partially), 9, 10", 

11-13 (partially), 14-16, 17-19 (partially), 
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An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the modified cytosine is 
5-bromocytosine, in so far as it is neither a cyclocytosine 
nor a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 
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23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is 
bromouracil, in so far as it is neither a cyclocytosine nor 
a cytosine arabinoside; a composition containing such an 
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oligonucleotide as well as the use of such a composition to 
modulate an immune response 



5. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
bromopyrimidine (not a cytosine or an uracil), in so far as 
it is neither a cyclocytosine nor a cytosine arabinoside; a 
composition containing such an oligonucleotide as well as 
the use of such a composition to modulate an immune response 



6. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
chloropyrimidine, in so far its it is neither a cyclocytosine 
nor a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



7. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising. an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
fluoropyrimidine, in so far as it 1s neither a cyclocytosine 
nor a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



8. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
5-trifluoromethylpyr1midine, in so far as it is neither a 
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cyclocytosine nor a cytoslne arabinoside; a composition 
containing such an oligonucleotide as well as the use of 
such a composition to modulate an immune response* 



9. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
5,6-dihydropyrimidlne, in so far as it is neither a 
cyclocytosine nor a cytosine arabinoside; a composition 
containing such an oligonucleotide as well as the use of 
such a composition to modulate an immune response 



10. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
iodopyrimldlne, 1n so far as 1t is neither a cyclocytosine 
nor a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



11. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
nitropyrimidine, in so far as it is neither a cyclocytosine 
nor a cytosine arabinoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



12. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
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hydroxyurea, in so far as it is neither a cyclocytosine nor 
a cytosine arablnoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



13. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
Immunostimulatory sequence comprising a modified cytosine 
characterized in that the modified cytosine is a 
cyclocytosine; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



14. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An Immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the modified cytosine 1s a cytosine 
arablnoside; a composition containing such an 
oligonucleotide as well as the use of such a composition to 
modulate an immune response 



15. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially), 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized 1n that the "modified cytosine" 1s uracil; a . 
composition containing such an oligonucleotide as well as 
the use of such a composition to modulate an immune response 



16. Claims: 1-4 (partially), 6-8 (partially), 

11-13 (partially), 17-19 (partially), 
23-28 (partially); 32-48 (partially) 



An immunomodulatory oligonucleotide comprising an 
immunostimulatory sequence comprising a modified cytosine 
characterized in that the "modified cytosine" is a 
pyrimidine not belonging to the groups of compounds 
mentioned in subjects 1-15; composition containing such an 
oligonucleotide as well as the use of such a composition to 
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